Background Sleep difficulties, alcohol use and mental illness are often related; military studies suggest that postdeployment is a high-risk period for sleep problems.
Introduction
Military deployment often presents significant obstacles to maintaining a healthy sleep pattern. Arduous operational conditions, combat and the threat of injury to self or others contribute to increased arousal during both wakefulness and sleep [1] . Additional operational sleep inhibitors include inhospitable, sometimes noisy, sleeping environments and irregular sleep/wake schedules. Poor sleep adversely impacts health, work and quality of life [2, 3] . Despite these challenges, to date, no studies have examined the prevalence and mental health impact of sleep difficulties among UK Armed Forces (UKAF) following operational deployment.
Insomnia is a core symptom of many mental health disorders and numerous longitudinal studies in civilian settings suggest that sleep disturbance is a significant risk factor for depression and anxiety disorders [4] , substance use disorders [5, 6] and suicidality [7] . The UKAF have an overall higher rate of a number of mental health problems than the UK civilian population, including hazardous alcohol use [8] , common mental disorder (CMD) [9] and post-traumatic stress disorder (PTSD) [10] , particularly among personnel in combat roles. The association between sleep difficulties, alcohol use and mental ill-health has not been studied in the UKAF. We, therefore, examined whether sleep difficulties were associated with these factors in personnel returning from operational deployment in Afghanistan. Mental health outcomes included symptoms of CMD and PTSD.
Methods
This was a prospective observational study utilizing a combined data set obtained from both arms of a cluster randomized controlled trial comparing mental health outcomes following receipt of either a stress briefing or an Anglicized version of the US post-deployment Battlemind intervention [11] . While the current study was not pre-planned, it gave an opportunity to study the sleep, mental health and alcohol use in the UKAF following deployment using longitudinal data. Study participants were members of the UKAF returning home from deployment in Afghanistan via a post-operational decompression facility in Cyprus. Personnel from units known to have been deployed outside the main base headquarters were oversampled in order to recruit sufficient numbers of personnel who had been exposed to combat events while deployed. Consenting personnel completed a baseline survey before receiving one of the two interventions. Consenting participants completed a follow-up survey 4-6 months later. The Battlemind study received approval from the UK's Ministry of Defence Research Ethics Committee and the King's College Hospital Research Ethics Committee, and consent was taken for the survey data to be used for research purposes at both time points.
Sleep quality and sleep-related functional impairment were assessed at follow-up with four items. Two were adapted from the US Battlemind study [12] : 'How satisfied/dissatisfied are you with your current sleep pattern?' rated from very satisfied to very dissatisfied and 'To what extent do you consider your sleep problem to interfere with your daily functioning?' rated from not at all to very much. One item from the Posttraumatic Stress Disorder Checklist, Civilian Version (PCL-C) asked about trouble falling or staying asleep, rated from not at all to extremely; and one item from the 12-item General Health Questionnaire (GHQ-12), which asked about losing sleep over worry, rated from not at all to much more than usual were extracted from the baseline survey instrument.
PTSD symptoms were assessed using the 17-item PCL-C [13] , possible scores range from 17 to 85 and scores of ≥50 indicate PTSD. The PCL-C has been validated in US military samples [14] and extensively used in UK military surveys [15] . Symptoms of CMD were assessed with the GHQ-12 where scores ≥4 are indicative of CMD caseness [16] . The GHQ-12 is a validated screening instrument which assesses depression, anxiety, somatic symptoms and social withdrawal [17] . To assess whether sleep problems experienced immediately postdeployment (T1) were predictive of psychological symptoms at T2 (4-6 months later), a variable was generated which conflated CMD and PTSD caseness at T2. We termed this 'any mental disorder' (AMD).
The World Health Organization's Alcohol Use Disorders Identification Test (AUDIT) [18] is a 10-item measure with a possible score range of 0-40 that measures alcohol use. Given that alcohol misuse has a high prevalence among UKAF personnel, we used an AUDIT score of 16 which indicates alcohol use that is potentially harmful to health. Combat exposure was assessed at baseline with a 14-item measure asking about exposure to a range of combat and operational events. This was adapted from the US Combat Experiences Scale [19] to make it more relevant to UKAF deployment experiences.
Regarding treatment of the sleep variables, the PCL-C and GHQ-12 sleep items were analysed individually; however, to construct an overall measure of sleep at baseline (T1), the PCL-C sleep item 'having trouble falling or staying asleep' was reduced to a binary variable where moderately, quite a bit or extremely responses were classified as endorsement, while non-endorsement was represented by not at all and a little bit responses. For the GHQ-12 sleep item 'losing sleep over worry', the endorsement category was represented by rather more or much more than usual responses and non-endorsement by not at all or no more than usual responses. The two sleep items were conflated to produce a binary variable that represented endorsement or non-endorsement of either of the GHQ-12 or PCL-C sleep items, which we termed 'sleep problems'. The process of generating a sleep variable was repeated for the follow-up (T2) PCL-C and GHQ-12 sleep items. We then generated a variable representing changes in sleep problems from T1 to T2. The resulting variable categories were: no sleep problems during follow-up, persistent problems, new-onset problems and remitted sleep problems. Tertiles were computed for the two Battlemind sleep items to represent low, medium and high levels of sleep satisfaction and subjective functional impairment. Lower and middle tertile scores were combined and compared with scores falling above the upper tertile. For the satisfaction variable, the upper tertile represented high levels of satisfaction; and for functional impairment, the upper tertile represented high levels of subjective impairment. Finally, scores for the two variables were combined and tertiles were generated to represent greater, moderate and lower levels of sleep satisfaction or functional impairment at T2. Adjusting mental health variables for use in the regression analyses relating to T2 alcohol use disorders (AUD) were generated; a continuous measure of PTSD symptoms was produced by deleting the sleep item from the scale and an overall score for the PCL-C was computed using the remaining 16 items. The sleep item was similarly deleted from the GHQ-12 and the remaining 11 items were used to generate a measure of symptoms of CMD. The effect of the extracted baseline PCL-C and GHQ-12 sleep items upon T2 AUD was adjusted for in the regression model. The 14-item combat exposure scale was firstly computed as a continuous variable, yielding scores ranging from 0 to 14. To generate a dichotomous response for each scale item, exposure on one or more occasion was scored 1 while no exposure was scored 0. A count variable was generated and tertiles computed. Scores falling below the lower tertile represented exposure to 0-4 combat events, middle tertile scores represented 5-8 exposures and those falling above the upper tertile represented exposure to 9-14 combat events. Current time spent deployed was recorded as whole weeks in theatre. Tertiles were computed to represent shortest (4-25 weeks), medium (26-27 weeks) and longest (28-42 weeks) amounts of time in theatre.
Data were analysed in SPSS version 21. Logistic regression analyses were undertaken to generate odds ratios (ORs) with 95% confidence intervals (CIs). The literature review suggested that there were likely to exist multiple empirically derived effect modifiers and confounders modulating the relationship between sleep problems and both alcohol use and symptoms of mental ill-health. Thus, logistic analyses were undertaken adjusting for potential confounders including service background, namely Royal Marines, Royal Navy, Army or Royal Air Force; rank; role (Combat-fighting forces; Combat Support-support for fighting forces such as Royal Engineers; or Combat Service Supportgeneral, medical and logistics support); engagement type (Regular or Reservist); gender and age. The extent of combat exposure and previous deployments were also adjusted for, as was perceptions of leadership. Adjustment for modified and unmodified mental health measures was also undertaken.
Results
From the 2443 baseline participants, 1636 supplied follow-up data (67% response rate). The sample was mainly composed of Royal Marines and Army personnel (98%). Sixty-eight per cent were younger than 30 years, 96% were regular rather than reserve forces personnel and 98% were male. About 70% were junior ranks or junior non-commissioned officers, 48% had a combat role and 70% were in a long-term relationship. About 58% of personnel had deployed on at least two previous occasions in the previous 5 years; proportions of personnel spending shorter, medium and longer periods deployed were evenly distributed. Thirty-five per cent reported high levels of combat, experiencing 9-14 of the combat exposure scale items (Table 1) .
During the baseline survey, 17% of personnel endorsed losing sleep over worry while 13% reported moderate to extreme trouble falling or staying asleep (see Table 2 ). At follow-up, 18% of personnel reported some dissatisfaction with sleep, while 11% reported that sleep problems interfered somewhat to very much with daily functioning. Changes in sleep problems during followup indicated that 65% of personnel did not experience sleep problems during the follow-up period, while 11% reported persistent sleep problems, 12% experienced new-onset sleep problems and 12% reported remission from sleep problems ( Table 2) .
In univariable analyses, at follow-up, being in the Army (P < 0.01) was significantly associated with greater levels of sleep problems. Among the operational factors, having spent a longer period of time deployed was significantly associated with more sleep problems while greater combat exposure was non-significantly associated with more sleep problems (Table 1) .
In unadjusted logistic regression analyses, compared to those who never experienced sleep problems from T1 to T2, personnel with persistent and new-onset sleep problems had significantly increased odds of reporting AUD (see Table 3 ); those experiencing remission also had increased odds of reporting AUD though the proportions were substantially smaller than for new-onset and persistent problems. This effect persisted when sleep problem outcomes were adjusted for socio-demographic characteristics and operational factors. However, when adjusted for T2 AMD (excluding the sleep items on the PCL-C and GHQ-12), baseline sleep items were no longer significantly associated with AUD. An interaction term was created for AUD and symptoms of AMD at T2 and there was a significant interaction between the two factors (OR 1.74, 95% CI 1.28-2.35, P < 0.001). Greater perceived functional impairment and lower levels of sleep satisfaction were both significantly associated with AUD following adjustment for socio-demographic and operational factors, leadership and modified mental health measures.
Using a similar regression model, reporting symptoms of AMD at either T1 or T2 was associated with new-onset and persistent sleep problems; remission from sleep problems remained significantly associated with mental health caseness but with a substantially smaller proportion of personnel reporting poor mental health than in the persistent and new-onset categories (see Table 4 ). Reporting more sleep problems at T1 (immediately post-deployment) was associated with increased adjusted odds of reporting AMD at T2 (4-8 months later). Lower levels of sleep satisfaction and sleep-related functional impairment, only measured at T2, were both associated with mental health problems following adjustment for socio-demographic and operational factors, leadership and AUD.
Discussion
Unadjusted analyses showed that longer time deployed was associated with greater sleep problems within 4-6 months post-deployment; combat exposure did not appear to be associated with sleep problems. About 12% of UKAF personnel in this study reported that their sleep problems remitted between the end of deployment and follow-up, 12% experienced new-onset sleep problems and 11% found that their sleep problems persisted during follow-up. Persistent sleep problems had the greatest adjusted odds of AMD caseness during follow-up. At follow-up, 18% of personnel were dissatisfied with their sleep and 11% reported that their sleep problems interfered with daily functioning.
Consistent with previous research in both civilian populations and non-UK military samples, we found that sleep problems post-deployment to Afghanistan were significantly and independently associated with symptoms of probable mental illness [20] [21] [22] . Persistent sleep problems seemed to have the strongest association, although remitted sleep problems were also significantly positively associated with mental health symptoms. Sleep problems present on exit from the operational area predicted mental health problems at follow-up. Both sleep dissatisfaction and sleep-impaired daily functioning were significantly associated with symptoms of probable mental health disorders, even after adjusting for AUD, other hypothesized confounders and with sleep items removed from the mental health measures. While this is perhaps not a surprising finding, given that sleep problems are a well-known symptom of many mental health disorders including depression, anxiety and PTSD, the strength of the association in this study is still notably high, with very few participants suffering from mental health disorder symptoms while not having sleep difficulties.
Potentially harmful alcohol use is a long-standing concern for the UKAF. Previous studies have suggested that deployment to Iraq and Afghanistan is associated with increased harmful alcohol use post-deployment [10] . The evidence from this study further supports this finding where previous deployment was significantly associated with harmful levels of alcohol use. AUD was significantly associated with sleep problems; however, after adjusting for mental disorder symptoms, this effect was not statistically significant. The association may, therefore, be explained by the presence of mental health problems among alcohol misusers, as there was a significant interaction between AUD and AMD. AUD was, however, associated with less sleep satisfaction and sleep problems that interfered with daily functioning at T2; this reinforces the well-established link between poor sleep and high alcohol intake [23, 24] . This was an observational study, which was adequately powered with a large sample of 1636 participants who had recently deployed to Afghanistan. The subject of this study is novel in the UK military, and the results are significant both statistically and in relation to potential implications for sleep interventions and mental ill-health and alcohol misuse detection policies.
Due to the original Battlemind study focus on unit cohesion, individual augmentees were excluded from the study. Other research on the UK military population has found that while individual augmentees had no different rates in symptoms of PTSD or CMD from those who had deployed with a formed unit, they were at lower risk of alcohol misuse [25] . Thus, this study's findings regarding the association between AUD and sleep problems should not be extrapolated to individual augmentees. The Army and Marines were over-represented in the study, compared to the overall UKAF, since they form the majority of personnel on deployment in Afghanistan, and due to the focus on units known to have had combat exposure. Females were under-represented, since the majority of females in the UK military population with combat exposure will be individual augmentees attached to units in roles such as medics or military police, thus, the study outcomes may be affected by gender bias and the inclusion of high numbers of combat personnel.
Since sleep problems and associated disturbances may vary as a function of many other known factors that are themselves risk factors for poor mental health or harmful alcohol use, the multivariate regression models in this study adjusted for several key covariates. Characteristics known to affect PTSD and hazardous alcohol use, such as having a combat role, combat exposure and previous operational deployment, were adjusted for in the logistic regression. The association between harmful alcohol use and mental ill-health is also known [26] , and so was also adjusted to account for the modifying effect of alcohol.
UK personnel are prohibited from drinking alcohol while deployed, so assessing this behaviour at baseline was not appropriate, though the findings may have been strengthened had personnel been asked about pre-deployment drinking at baseline. Furthermore, since the researchers were not able and did not wish to burden personnel who were on their first day out of Afghanistan with a timeconsuming assessment, not all outcomes were assessed at both time points. Thus, for the sleep measures in particular, it cannot be certain that outcomes measured at follow-up were not present at baseline. Although the GHQ-12 and PCL-C are validated measures, in this study, these mental health scales were modified to eliminate double-counting; altering the scales' psychometric properties may, therefore, have influenced mental disorder prevalence.
This study shows that the majority of UKAF personnel undertaking operational deployment to Afghanistan were satisfied with their sleep, did not experience sleep problems and did not find that sleep problems interfered with daily functioning. However, for a substantial minority (around a quarter) who were dissatisfied with their sleep or who found that sleep problems interfered with their daily functioning, there was a significant association between such complaints and probable mental ill-health, particularly in those who had new-onset or persistent sleep-related problems. Similarly, probable AUDs were also significantly associated with new-onset sleep problems, less sleep satisfaction and sleep problems that interfered with daily functioning. A large proportion of military personnel who experience mental health problems do not seek help [27] . Rates of internal stigma regarding mental health have been shown to be significant in both serving and ex-serving personnel and are highlighted as the most significant barrier preventing serving and ex-serving personnel from seeking help in the UK military [28] . It has been suggested that veterans may be more willing to acknowledge a sleep problem rather than other psychiatric symptoms such as depressed mood, anhedonia or increased worry and anxiety.
The results from this study suggest that self-reported sleep complaints represent robust indirect indicators of both AUD and poorer mental health. Given that service personnel may find it less stigmatizing to discuss sleep difficulties than alcohol misuse or emotional difficulties, commanders may wish to ask informally about sleep in individuals they are concerned about, in particular regarding sleep latency and interrupted sleep, self-satisfaction with sleep and sleep-related impairment of daily functioning, as part of a general enquiry into health and well-being. Answers indicating sleep difficulties should then prompt a referral to the unit medical officer for further assessment.
Key points
• Twenty-three per cent of personnel returning from military deployment in Afghanistan reported sleep difficulties at follow-up, with 11% describing that sleep problems interfered with their daily functioning.
• Sleep problems were significantly associated with symptoms of mental disorder and alcohol use disorders.
• Military personnel are known to be reluctant to seek help for mental disorders and substance misuse, partly due to stigma effects; this study suggests that asking about sleep quality may be a useful proxy question for military personnel of concern.
